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本研究首次将 EGFP 基因和 FACS 技术相结合，构建无抗性穿梭质粒载体和
同源重组质粒，分别以集胞藻 6803 和钝顶螺旋藻为转基因受体细胞，并首次在





























































Blue green algae are photoautotrophic organisms with many special properties, it 
has abundant nutrition; Meanwhile, blue green algae have unique nature on cell's 
organization、metabolizability、heredity, etc., and it has a lot of advantages as genetic 
engineering receptor. However the existence of the marker genes in the transgenic 
production are surplus, even harmful, Enhanced Green Fluorescent Protein (EGFP) 
was confirmed to be safe. In this study we research transgenic blue green algae 
without antibiotic resistance markers by using EGFP gene and FACS Vantage SE.  
First part of this study, the upstream sequence PcpcB of the cpcB gene from 
Spirulina platensis was obtained by PCR and subcloned into the5' MCS of pEGFP, 
thus the plasmid pCEGFP was constructed, the 1.2kb fragment containing PcpcB and 
EGFP gene were subcloned into plasmid pPKE2 which contained small plasmid pPbS 
of Plectonema boryanum and the shutter plasmid pCGPKE2 with EGFP marker was 
construced, digest pCGPKE2 with Pst I to excise kanamycin resistance gene(Km), 
finally we got the strain including pCGP which didn’t contain antibiotic resistance 
marker by FACS Vantange SE. The recombinant plasmids were directly transformed 
into Synechocystis sp.PCC6803 respectively, then using FACS Vantage SE to pick out 
the transgenic Synechocystis sp.PCC6803 with EGFP marker, then observe the 
transformant under the fluorescent microscope, the result indicated that we 
successfully obtained the transgenic Synechocystis sp.PCC6803. 
The second part of this study, the 1.2kb fragments from pCEGFP were cloned 
into the homologous recombinant plasmid pKRET4, thus the plasmid pCGKT with 
EGFP marker was constructed, and then got 4.2kb fragments which contained 
homologous recombinant gene R(recA gene)、 PcpcB and EGFP marker gene, these 
fragments were transformed into Spirulina plantensis through ultrasonic treatment. 
because of the influence of various kinds of factors, we didn’t obtain the transformant. 
In this study we combined EGFP marker gene and FACS technology for the first 
time, we constructed the shutter plasmid and homologous recombinant plasmid 















Synechocystis sp.PCC6803 and Spirulina platensis separately, then by FACS Vantage 
SE and the fluorescent micro to obtain the transformant with EGFP marker . It’s the 
first time to get the transgenic Synechocystis sp.PCC6803 without antibiotic resistance 
marker. This research could provide experience to other researcheres to develop 
transgenic blue green algae without antibiotic resistance marker and lay a certain 
foundation further.  
 


















突破 65 亿，同时联合国预测报告显示，到 2050 年由于发展中国家的人口激增，




























































GFP 由 3 个外显子组成,长 2.6 kb[17]；GFP 是由 238 个氨基酸所组成的单
体蛋白,相对分子质量为 27.0 kMr ,其蛋白性质十分稳定,能耐受 60℃处理。用
6mol/L 盐酸胍 92 ℃,2min或酸处理(pH2),5min变性后,GFP 仍能复性恢复荧光,
其半复性时间少于 5min ,在pH7.0 时重新复性的GFP 大激发峰为 398nm ,发


















收峰在 395nm ,另一小吸收峰在 470nm; 大发射峰为 509nm。在不同的绝对温度
下研究GFP的构象变化时发现,GFP存在高能量的B态和低能量的A 态,Tyr66 与
A 态有关,Ser65 与B 态有关[23]。PCR突变的方法研究时也发现GFP形成发色团









野生型 GFP 在室温或低于室温下表达时,GFP 几乎都能正确而快速地折叠,
但高于室温时,折叠速度却剧烈下降,这种温度的敏感性无碍于水母,因为在它们
的生活环境中是不可能遇到温水的,但 GFP 折叠受温度影响却限制了 GFP 的应
用;另外,野生型 GFP 具有两个激发峰的光谱,在应用中也是弊大于利。因此,为





研究的领域。以下是GFP 突变体的部分典型代表。(1) 增强型GFP:Guohon 等
将Ser65 用Thr 替代,Phe64 用Leu 替代,使GFP 的荧光强度提高了 35 倍,而且
激发后 16-24h 后仍可稳定地测定荧光; (2)人工GFP:Zolotukhin 等[26]改变了野
生型GFP 基因编码区中 88 个密码子中的 92 个碱基而用人类基因组中常用的密
码子代替,将GFP的荧光强度提高22倍,适合在哺乳动物细胞中高效表达; (3) 红
移荧光蛋白(RSFP):Heim等[10-23]将野生型GFP 中的Ser65 用Thr 替代,得到突变



















GFP 两个突变体,S65T(65 位丝→苏) 和EGFP(64 位苯丙→亮),它们的激发峰












[56], 蛋白质与蛋白质的相互作用[57], 甚至作为活细胞内pH 值的指示剂来进行
细胞生理生化的研究[58]及用于污水处理[59]等方面. 
目前，GFP也渐渐被用于蓝藻生物学的研究中。Anja等用GFP和LuxAB构建




























有力的保证了 BD FACSVantage SE 的检测功能。BD FACSVantage SE 准确分析
速度为 20,000/秒， 大分析速度可达 60,000/秒。 
(3)BD FACSVantage SE 具有多能、高速、自动化的分选功能；BD 独有的
AutoSort、MasterSort 从计算到独立设立多种分选模式，使分选操作一举脱离以
往的繁复，简单易行，功效显著。 新的 AccuDrop 功能选项可以根据分选结果
直接调出实际延迟时间，保证了 大的分选纯度和回收率。 
(4)脉冲处理系统：BD 革新化的脉冲处理技术分析信号的面积、宽度、区分
实际组织标本中的粘连细胞群体， 大程度地减少假阳性，是实体组织 DNA 分
析的解决之道；对两种荧光信号比率的计算亦可用于钙离子流动的检测。 





















































蓝藻所含营养丰富，蛋白质含量可达 60％左右，相当于牛羊肉的 3－4 倍，





































蓝藻具有的这些诸多的遗传操作便利条件以及产业化的应用，进入 20 世纪 90
年代后，蓝藻基因工程发展更加迅速，成为藻类基因工程中极具生命力的领域
[66-67]。 
蓝藻作为表达外源基因受体已有诸多成功报道。Tandeau de Marsac (1987)以
pUC303 为载体，在单细胞蓝藻Synechococcus sp.PCC 7942 中表达了原核基因芽
孢杆菌杀幼蚊毒素基因 [66] 。 Angsuthanasombat 等（ 1989 ）在 Agmenellum 
quadruplicatum PR-6 中和Chungjatupornchai等(1990)在 Synechocystis sp.PCC 
6803 中分别表达了苏云金杆菌杀幼蚊毒素cryIVA 和cryIVB 基因[68,69]。Murphy 
等（1992）将杀幼蚊毒素cryIVD基因与蓝藻藻蓝蛋白基因cpcB 进行融合，利用
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